1. Introduction {#sec1-foods-08-00139}
===============

The area of nanotechnology research is emerging as a cutting-edge technology with chemistry, physics, biology, material science, and medicine \[[@B1-foods-08-00139]\]. The ecofriendly synthesis of metal nanoparticles using plant extracts was previously established by several studies \[[@B2-foods-08-00139],[@B3-foods-08-00139]\]. Natural antioxidants, such as phenolic compounds, flavonoids, and lignans, have established a high level of consideration due to their unique benefits. Plants rich in these classes of compounds are perfect sources of natural antioxidants. Rhus and safflower were used as flavoring spice, traditional medicine, and food preservation \[[@B4-foods-08-00139]\]. Today, a considerable number of reports have shown that the addition of rhus and safflower in food or water can have valuable effects on human and animal health \[[@B5-foods-08-00139]\]. Safflower has been used for a long time as a basis for dietary fat, food coloring, and Chinese medicines. Safflower compounds have antioxidant activity by scavenging of free radicals' species, such as the superoxide anion (O~2~^−^) \[[@B6-foods-08-00139]\] and DPPH \[[@B7-foods-08-00139],[@B8-foods-08-00139]\], indicating the significance of safflower as a provenance of antioxidants. Food components can be protected from the oxidation that results from Reactive Oxygen Species (ROS) by using active ingredients of rhus and safflower as alternative antioxidants \[[@B9-foods-08-00139]\]. Although Kinobeon A, component that had never been isolated naturally from plants, animals or microorganisms, was previously isolated only from safflower cell culture \[[@B10-foods-08-00139]\].

North American Indians usually apply rhus in the remediation of bacterial diseases such as syphilis, streaming, purge, and gangrene \[[@B11-foods-08-00139]\]. British Columbia screened more than 100 medicinal plants for antibiotic activity and found that crude methanolic extracts of rhus had both the largest inhibition zones in a disk test and the widest spectrum of activity \[[@B12-foods-08-00139]\]. The antimicrobial activity of the methanolic extract and isolated ingredients of rhus was also estimated by Saxena et al. \[[@B13-foods-08-00139]\] and the extract was active against eleven microorganisms tested. Also, rhus have antifungal activity against the nine fungi tested in research to screen 100 methanolic plant extracts for antifungal activity \[[@B12-foods-08-00139]\].

The goal of this work is to produce nanoparticles of rhus and safflower extracts through green synthetic pathways using Fe^3+^, Zn^2+^, Ag^+^, and Cu^2+^, metal ions. Also, the total polyphenol and flavonoid contents of rhus and safflower extracts and their synthesized nanoparticles were determined. The plant extracts and their corresponding nanoparticles were evaluated as antioxidant, antimicrobial and anticancer agents.

2. Materials and Methods {#sec2-foods-08-00139}
========================

2.1. Materials {#sec2dot1-foods-08-00139}
--------------

Rhus and safflower were purchased from the local market of Mansoura city in Egypt. The plants were air dried to a level of 9.5 ± 0.3% final moisture content after that were ground to a fine uniform powder using the Braun GmbH mill (model KSM2; type 4041, Kronberg, Germany). The ground shriveled plants were passed through a fine sieve (75--100 μm) to isolate only the fine powder. The chemicals and reagents were obtained from the appropriate sources: phenolic reagent of FOLIN-CIOCALTEU (Fluka, Biochemical Inc., bucharest, Romania), MB Gallic Acid (Biomedical Inc., Orange City, FL, USA), DPPH (Aldrich Chemistry, Kappelweg 1, 91625 Schnelldorf, Germany), Sodium Carbonate (El-Nasr Pharmaceutical Chemicals, Cairo, Egypt), AgNO~3~ (BASF Chemical Co., Cheadle, England), ZnSO~4~ (Andenex-Chemie, Hamburg Germany), CuSO~4~, and FeCl~3~ (Alpha Chemika, Panvel, Maharashta, India).

2.2. Preparation of Plant Extracts {#sec2dot2-foods-08-00139}
----------------------------------

Extraction of rhus and safflower was performed according to the method described by Deve et al. \[[@B14-foods-08-00139]\]. Briefly, 5 g fine powder of each plant material was separately extracted in 100 mL of deionized water on a horizontal water bath (Memmert WB14, Aldrich Chemistry, Schnelldorf, Germany) at 60 °C for 30 min. The water extracts were then filtered on Whatman No.1 filter paper (Whatman International Ltd., Kent, UK) using a Buchner funnel and the filtrates were adjusted to 100 mL in volumetric flasks with appropriate deionized water and stored at −18°C until further analysis.

2.3. Metal Nanoparticles Synthesis {#sec2dot3-foods-08-00139}
----------------------------------

Iron, zinc, silver, and, copper nanoparticle metals (FeNPs, ZnNPs, AgNPs, and CuNPs, respectively) were synthesized ecologically according to the method described by Pattanayak and Nayak \[[@B3-foods-08-00139]\] and slightly modified by El-Refai, Ghoniem, El-Khateeb, and Hassaan \[[@B2-foods-08-00139]\]. Twenty milliliters of 1 mmol aqueous solution of each metal salt (silver nitrate, zinc sulfate, copper sulfate and ferric chloride were prepared separately using deionized water and added to 20 mL of prepared plant extract. The resulting nanoparticles were synthesized in an equimolar ratio of plant extracts (1:1) to ionic solutions. The reaction mixture was stirred for extra two hours at 25 °C. The mixtures were irradiated by using a special UV lamp with a reduction factor property (Vilber Lourmat-6.LC, VILBER Smart Imaging, Marne-la-Vallée, France) and at a wavelength (λ = 254 nm) for 10 min using the same procedure described by Sharma et al. \[[@B15-foods-08-00139]\]

2.4. Instrumental Analysis for Metals Nanoparticles {#sec2dot4-foods-08-00139}
---------------------------------------------------

The Ag^+^, Zn^2+^, Cu^2+^, and Fe^3+^ metals of the obtained nanoparticles were capped and stripped as reported by El-Shahaby, et al. \[[@B16-foods-08-00139]\] using the ATI Unicom UV--Vis spectrophotometer (Labomed inc., Calver City, CA, USA). Spectra of the reaction mixture were recorded at various time terms. The UV--Visible spectra of the resulting AgNPs, ZnNPs, CuNPs, and FeNPs were recorded in the 200 to 800 nm range using ATI Unicom UV--Vis. V 3.20 vision software. The analysis was carried out at room temperature using quartz cuvettes (optical path of 1 cm), and the white color was the corresponding aqueous extracts of rhus and safflower.

2.5. Transmission Electron Microscope (TEM) Measurement {#sec2dot5-foods-08-00139}
-------------------------------------------------------

Nanoparticle morphological properties such as surface, size, shape, and aggregation were confirmed by TEM (JEOL TEM-2100, Tokyo, Japan) according to El-Refai, Ghoniem, El-Khateeb, and Hassaan \[[@B2-foods-08-00139]\]. The TEM measurements and images were performed at the Electronic Microscope Unit, College of Agriculture, Mansoura University, Mansoura, Egypt.

2.6. Determination of Total Polyphenols Content {#sec2dot6-foods-08-00139}
-----------------------------------------------

The total phenolic content in the aqueous extracts was determined in the plant extracts and their corresponding nanoparticles using the FOLIN-CIOCALTEU phenolic reagent modified method according to Yadav and Agarwala \[[@B17-foods-08-00139]\]. Aliquots of 0.1 mL of the solution were taken and mixed with exactly 2.8 mL of distilled water, 2.0 mL of 2% (*w/v*) sodium carbonate, and finally, 0.1 mL of FOLIN-CIOCALTEU reagent at 50% (*v/v*). The mixture was incubated for 30 min at room temperature and the resulting color absorbance was measured at 750 nm against distilled water as blank using a spectrophotometer. For the quantitative determination, a standard curve of gallic acid (0--200 mg L^−1^) was prepared in the same way ([Table S1](#app1-foods-08-00139){ref-type="app"}). The total phenol contents were expressed in milligrams of gallic acid equivalent (GAE)/g dry weight.

2.7. Determination of Total Flavonoids Content {#sec2dot7-foods-08-00139}
----------------------------------------------

Total flavonoids were determined in the tested plant extracts and their nanoparticles using the colorimetric method according to Yadav and Agarwala \[[@B17-foods-08-00139]\] with some modifications. The plant materials (0.1 g) were homogenized in 1 mL of distilled water. The resulting solution (0.5 mL) was mixed with 1.5 mL of 95% ethyl alcohol, 0.1 mL of 10% aluminum chloride (AlCl~3~), 0.1 mL of potassium acetate 1M, and 2.8 mL of distilled water. After incubation at room temperature for 40 min, the absorbance of the reaction mixture was measured at 420 nm against distilled water as white, using a spectrophotometer. The total flavonoid content was determined and expressed in milligrams equivalent quercetin (QE) g^−1^ dry weight using Quercetin (0--50 mg L^−1^) as the standard curve ([Table S2](#app1-foods-08-00139){ref-type="app"}).

2.8. Radical Scavenging Activity (RSA) Using DPPH Assay {#sec2dot8-foods-08-00139}
-------------------------------------------------------

The entrapment capacity of DPPH of each sample of the plant extracts and their produced nanoparticles was determined according to Li et al. \[[@B18-foods-08-00139]\]. The trapping capacity of the DPPH radicals was calculated according to the following equation. $${\%\ {Scavenging}\ {activity}\ }\left( {\%\ {RSA}\ } \right) = \frac{\left( {A_{0}{\ ``{control}"}} \right) - \left( {A{\ {sample}}} \right)}{A_{0}{\ ``{control}"}}\  \times ~100$$ where *A*~0~ is the absorbance of the control and *A* is the absorbance of the sample. Each sample was analyzed in triplicate.

2.9. Radical Scavenging Activity against ABTS^•+^ {#sec2dot9-foods-08-00139}
-------------------------------------------------

The trapping capacity of each sample of tested extracts and their corresponding nanoparticles was determined according to the method of Christodouleas et al. \[[@B19-foods-08-00139]\]. An appropriate amount of the ABTS^•+^ diammonium and the potassium persulfate salts were diluted to a final concentration of 7.00 and 2.45 mM, respectively. The solution was kept in the dark for 12 to 16 h for the formation of ABTS^•+^ radicals. Then, the solution of the ABTS^•+^ radical was diluted with ethanol to adjust the absorbance of the solution to 1.0. To determine the radical scavenging activity of the solutions (plant extract and their nanoparticles) against ABTS^•+^, the dilution step was required before measurements. Two milliliters of ABTS^•+^ alcoholic solution was added to 0.5 mL of each sample. The absorbance was then measured after 15 min at 734 nm. At least five measurements were performed for each sample and the% RSA was also calculated using the previous equation.

2.10. Microbial Susceptibility Testing {#sec2dot10-foods-08-00139}
--------------------------------------

The antimicrobial activity test was performed in the biotechnology and genetics unit at Mansoura University. Using bacteria, such as *Proteus vulgaris* (PV); *Staphylococcus aureus*, *Erwinia carotovora* (EC), *Bacillus subtilis*, *Klebsiella pneumonia* (BS), and *Candida albicans* (CA), inoculums containing 10^6^ bacterial and fungal cells or 10^8^ yeast cells mL^−1^ were extended on nutrient agar, Czapek Dox agar, and Sabouraud agar, respectively. The bacterial strains used in this study were provided from stock culture at the molecular biology Department where the test was done. The experiment was designed to use paper disks of Whatman No. 1, and 6 mm diameter filter paper discs were sterilized and used with an infusion. The disks were installed on the surface of the gel plates seeded with the tested organisms. Plates were incubated at 37 °C for bacteria and at 30 °C for yeast. Diameters of the inhibition zone (mm) were measured after 24 h for bacteria and 48 h for yeast \[[@B16-foods-08-00139]\].

2.11. Potential Sulforhodamine B (SRB) Cell Cytotoxicity Assay {#sec2dot11-foods-08-00139}
--------------------------------------------------------------

The cytotoxic potential of the extracts and their nanoparticles was achieved using the procedure described by Gaidhani, et al. \[[@B20-foods-08-00139]\]. Cells were plated in 96-well multiple plates (10^4^ cells/well) for 24 h before treatment with the tested sample to facilitate attachment of the cell line to the plate wall. Each concentration of the tested samples (100, 250, and 500 μg mL^−1^) was transferred to the monolayer well cells and incubated with the sample for 48 h at 37 °C under a carbon dioxide (5%) atmosphere. After 48 h, cells were fixed, washed, and stained with sulforhodamine B staining \[[@B20-foods-08-00139]\]. The excess stain was washed with acetic acid and the stain attached was recovered with tris-EDTA buffer. The intensity of the color was recorded in an ELISA reader. The relationship between the treatment concentration in μg mL^−1^ and the surviving fraction is plotted to obtain the survival curve of each tumor cell line. The IC~50~ (the half maximal inhibitory concentration) was determined using the standard curve. IC~50~ is the concentration at which the curve passes the 50% inhibition level. It is commonly used as a measure of antagonist drug potency in pharmacological research. According to the FDA, IC~50~ represents the concentration of a drug (anticancer for example) that is required for 50% inhibition in vitro. The cancer cell lines source and the biological evaluation were provided by Oncology Department, National Cancer Institute Cairo University, Cairo, Egypt.

2.12. Statistical Analysis {#sec2dot12-foods-08-00139}
--------------------------

The statistical analysis was done using the Co-Statistical Package \[[@B21-foods-08-00139]\]. The analysis of variance (ANOVA), split block, was performed to compare the tested samples and treatments. The significance of differences between the means was done using the Duncan multiple interval tests at *p* ≤ 0.05 \[[@B22-foods-08-00139]\].

3. Results and Discussion {#sec3-foods-08-00139}
=========================

The use of plant extracts as natural preservatives in the field of food industries has significantly increased recently. Also, plant extracts have been used to inhibit microbial growth and lipid oxidation. Aqueous extracts of rhus and safflower have been reported as potent antioxidants and antibacterial against foodborne pathogenic bacteria \[[@B23-foods-08-00139]\]. Safflower and rhus extracts were prepared at a concentration of 35 μg mL^−1^, which made it possible to prepare the metal nanoparticles. Using plant extracts as safflower and rhus extracts to obtain the metal nanoparticles is considered a safe method to reduce the tested ions and to prevent their corresponding nanoparticles from aggregation \[[@B2-foods-08-00139]\]. This green method provides an alternative method to the artificial methods that depend on chemical components to form and stabilize the nanoparticles \[[@B2-foods-08-00139]\]. Also, antimicrobial activities and anticancer effects were performed using the plant's aqueous extracts and their corresponding nanoparticles.

3.1. Nanoparticles Characteristics via UV-Vis Spectroscopy {#sec3dot1-foods-08-00139}
----------------------------------------------------------

The synthesis of rhus nanoparticles (AgNP, ZnNP, CuNP, and FeNPs) in [Figure 1](#foods-08-00139-f001){ref-type="fig"} and safflower nanoparticles (AgNP, ZnNP, CuNP, and FeNPs) in [Figure 2](#foods-08-00139-f002){ref-type="fig"} was confirmed by measuring the UV--Vis spectrum of the reaction mixture. The stability of the produced nanoparticles was due to possible presence of the polyphenolic compounds \[[@B2-foods-08-00139]\]. The absorption peak at \~300 nm corresponds to the surface plasmon resonance characteristic of the resulted AgNPs, ZnNPs, CuNPs and FeNPs. El-Refai, Ghoniem, El-Khateeb, and Hassaan \[[@B2-foods-08-00139]\] stated that in the case where the same nanoparticle metal ions were prepared using garlic and ginger extract, the maximum absorption peak was at 280 nm. The nanoparticles obtained from rhus and safflower extracts were proven to be very stable, probably due to the polyphenolic compounds presented in the extracts that prevent agglomeration ([Figure 1](#foods-08-00139-f001){ref-type="fig"} and [Figure 2](#foods-08-00139-f002){ref-type="fig"}). Rhus and safflower extracts are rich in flavonoids and phenolic compounds. Flavonoids play a key role in the process of reducing the synthesis of AgNPs, ZnNPs, CuNPs, and FeNPs \[[@B24-foods-08-00139],[@B25-foods-08-00139]\]. Thus, the high levels of flavonoids and phenolic compounds in the rhus and safflower water extracts strongly confirmed the potential of rhus and safflower to bioreduce Ag^+^, Zn^2+^, Cu^2+^, and Fe^3+^ in AgNPs, ZnNPs, CuNPs, and FeNPs nanoparticles, respectively.

3.2. Nanoparticles Characteristic via Transmission Electron Microscope (TEM) {#sec3dot2-foods-08-00139}
----------------------------------------------------------------------------

The nanoparticles of rhus and safflower extracts were prepared using Ag^+^, Cu^2+^, Fe^3+^, and Zn^2+^ metals. The nanoparticles were characterized by TEM measurements to confirm the formation of the nanoparticles and to characterize the form and aggregation of the synthesized nanoparticles \[[@B2-foods-08-00139]\]. TEM images were taken at 200 nm ([Figure 3](#foods-08-00139-f003){ref-type="fig"}A--H). The size of AgNPs from rhus extract was between 22.41 and 37.58 nm ([Figure 3](#foods-08-00139-f003){ref-type="fig"}A). In addition the size of the AgNPs of safflower was \~14.52--35.77 nm, with a spherical shape and a small number of tetragonal particles ([Figure 3](#foods-08-00139-f003){ref-type="fig"}E). The synthesized nanoparticles of the AgNPs nanoparticles from rhus extract appeared to be more aggregated compared to the AgNPs particles of safflower ([Figure 3](#foods-08-00139-f003){ref-type="fig"}A,E). The CuNPs particles from rhus showed size ranged from 29.15 to 78.37 nm ([Figure 3](#foods-08-00139-f003){ref-type="fig"}B). These values are higher than those obtained from safflower CuNPs (26.91--45.01 nm) ([Figure 3](#foods-08-00139-f003){ref-type="fig"}F). Safflower CuNPs also contains a larger number of small particles compared to rhus CuNPs and that might explain their high efficiency as anticancer.

The TEM measurements showed that the shape of rhus CuNPs nanoparticles was spherical and linear aggregated particles ([Figure 3](#foods-08-00139-f003){ref-type="fig"}B). However the safflower CuNPs particles were formed in tetragonal with square aggregation shape of the particles ([Figure 3](#foods-08-00139-f003){ref-type="fig"}F). The particles are found to be more aggregated in rhus CuNPs than safflower CuNPs with higher particles size. The particle size of rhus FeNPs ranged from 70.39 to 122.47 nm with the spherical and tetragonal shapes aggregated together ([Figure 3](#foods-08-00139-f003){ref-type="fig"}C). On the other hand, the size of safflower FeNPs ranged from 67.77 to 116.51 nm with almost spherical, tetragonal, and pentagonal shapes ([Figure 3](#foods-08-00139-f003){ref-type="fig"}G). The FeNPs nanoparticles of safflower has a high aggregation of particles in which the particles formed a cloud around the aggregation center. It was noticed that the particles appear more aggregated in the two plant extracts, with a larger size for rhus FeNPs. In conclusion, the nanoparticles for both extracts with zinc appear to be greater than those of other metals. The size of rhus ZnNPs particles ranged from 82.32 to 115.91 nm ([Figure 3](#foods-08-00139-f003){ref-type="fig"}D), which higher than those of safflower ZnNPs particles (59.63--121.75 nm) ([Figure 3](#foods-08-00139-f003){ref-type="fig"}H). It was proven that the obtained nanoparticles were aggregated into spherical and tetragonal forms for rhus ZnNPs and spherical, tetragonal, and linear forms in safflower ZnNPs. In general, the largest size of the synthesized particles is rhus FeNPs (122.47 nm) as shown in [Figure 3](#foods-08-00139-f003){ref-type="fig"}C, and the smallest particles size is recorded for safflower AgNPs of (14.52 nm), as shown in [Figure 3](#foods-08-00139-f003){ref-type="fig"} E. Also, the Ag metal forms the smallest particle size with both extracts. The size of the synthesized nanoparticles was proven to be highly this is dependent on the nature of each metal ([Figure 3](#foods-08-00139-f003){ref-type="fig"}A--H).

3.3. Determination of Total Polyphenolic and Flavonoid Contents {#sec3dot3-foods-08-00139}
---------------------------------------------------------------

In light of the consequences of rhus and safflower use in food recipes, alternative medicines, and the food industry, the chemical composition of rhus and safflower has long been explored and known as an abundant source of tannins, phenolic acids, anthocyanins, derivatives of gallic acid, flavonoids, glycosides, and organic acids \[[@B26-foods-08-00139]\]. Phenolic compounds have played an important role as antioxidant compounds and by preserving various foods from damage by inhibiting or killing harmful microorganisms. It has been noted that safflower extract and its FeNPs have the highest content of total polyphenols ([Figure 4](#foods-08-00139-f004){ref-type="fig"}A). The total phenols and antioxidant activity of the rhus extract are much lower than those of the safflower extracts ([Figure 4](#foods-08-00139-f004){ref-type="fig"}A).

Polyphenols include several classes of phenolic compounds that are secondary plant metabolites and are integral to human and animal diets. Safflower extract and its FeNP contain the highest number of total polyphenols 87.20 and 81.91 mg GAE g^−1^, respectively. Also, the data showed that the total phenols and antioxidant activity of the rhus extract are much lower than those of the safflower extract.

Flavonoids are an important group of phenolic compounds consisting mainly of flavones and anthocyanins. Phenolic compounds play an important role in the prevention of body cells and organs from damage by hydrogen peroxide, damage by lipid peroxides and the recovery or neutralization of free radicals \[[@B27-foods-08-00139]\]. The total flavonoid content in [Figure 4](#foods-08-00139-f004){ref-type="fig"}B showed that the safflower extract contained the highest number of total flavonoids, while rhus had the lowest number. [Figure 4](#foods-08-00139-f004){ref-type="fig"}B showed that the mean values were ranging between 36.32 and 29.32 mg GAE g^−1^ for the safflower extract and rhus extract, respectively.

3.4. Antioxidant Activities of ABTS^•+^ and DPPH {#sec3dot4-foods-08-00139}
------------------------------------------------

The antioxidant activity of the extracts of rhus, safflower and their obtained nanoparticles were evaluated using the ABTS^•+^ and DPPH free radical tests. The results are presented in [Figure 5](#foods-08-00139-f005){ref-type="fig"}A,B. The data in genaral indicated that all the rhus safflower extracts and their synthesized nanoparticles showed excellent antioxidant activity with a high percentage of radical scavenging activity in the range of 64.04% for ruhs CuNPs to 94.30% for sufflower extract using the DPPH assay and from 55.12% ruhs CuNPs to 82.17% for sufflower extract using the ABTS^•+^ assay ([Figure 5](#foods-08-00139-f005){ref-type="fig"}A,B, respectively). El-Refai, Ghoniem, El-Khateeb, and Hassaan \[[@B2-foods-08-00139]\] reported that the ZnNps produced from ginger water extract was the best antioxidant agent with 77.31% and 63.90% radical scavenging activity using DPPH and ABTS^•+^ assays, respectively.

Based on the obtained results for antioxidants in the investigated samples, the high antioxidant capacity of the safflower extract and its AgNPs can be explained by its ability to trap the free radicals such as peroxide and alkoxyl radicals resulting from the effect of the compounds such as, phenolic and flavonoids \[[@B2-foods-08-00139]\]. Several previous researchers studied the antioxidants and concluded that (i) radicals produced from lipid peroxides \[[@B28-foods-08-00139],[@B29-foods-08-00139]\] and interaction with other antioxidant compounds \[[@B30-foods-08-00139]\], (ii) antioxidant properties preventing oxidative attack on membrane lipids by sparing vitamin E or regenerating vitamin E as vitamin C does \[[@B31-foods-08-00139]\], (iii) inhibition of lipoxygenases \[[@B32-foods-08-00139],[@B33-foods-08-00139]\] known to be stimulated by lipid peroxides and which may be involved in oxidative stress, and (iv) inhibition of cellular enzymes involved in signal transduction \[[@B32-foods-08-00139]\].

3.5. Antimicrobial Activity {#sec3dot5-foods-08-00139}
---------------------------

The rhus and safflower extracts and their synthesized nanoparticles were tested for the antibacterial activity against the Gram-positive bacteria (*Bacillus subtilis* (BS) and *Staphylococcus aureus* (SA)) and the Gram-negative bacteria (*Erwinia carotovora* (EC), *Proteus vulgaris* (PV), and *Klebsiella pneumonia* (KP)). The plant extracts and their nanoparticles were tested against *Candida albicans* (CA) microorganism for their antifungal activity.

According to the results presented in [Table 1](#foods-08-00139-t001){ref-type="table"}, the highest antibacterial activity was in the case of the FeNPs nanoparticles from safflower against *S. aureus* with an inhibition zone of 16.8 mm, while the strongest antifungal agent was found in the safflower extract with an inhibition zone of 15.40 mm against CA strain. Moreover, rhus AgNPs and safflower AgNPs show high antibacterial activity against *E. carotovora* with inhibition zones of 10.70 mm and 10.50 mm, respectively. The AgNPs, CuNP, and FeNPs from safflower have the highest activity against Gram-negative bacteria (*P vulgaris* and *K. pneumonia*) as presented in ([Table 1](#foods-08-00139-t001){ref-type="table"}). Also, Cu^2+^ ion nanoparticles with safflower extract had the highest activity against *BS* (Gram-positive bacteria) with inhibition zone of 11.40 mm. Also, the nanoparticles for the safflower extract with Ag^+^ and Fe^3+^ had the highest activity to inhibit the growth of the *S. aureus* strains with inhibition zone of 14.30 mm and 16.80 mm, respectively. In general, most tested extracts of rhus and safflower and their synthesized nanoparticles show good inhibition against the tested bacterial and fungal strain ([Table 1](#foods-08-00139-t001){ref-type="table"}). In conclusion, the ability of the nanoparticles as antimicrobial and antifungal agents was determined by some factors such as the type of metal forming the nanoparticles, nature, and the physical properties of the nanoparticles. Also, it was found that the smaller particle size and the more aggregation of the particles, the faster the spread and the more efficient in killing the different microorganisms. These results agreed with the results reported by El-Refai, Ghoniem, El-Khateeb, and Hassaan \[[@B2-foods-08-00139]\].

3.6. Potential Sulforhodamine B (SRB) Cell Cytotoxicity Assay {#sec3dot6-foods-08-00139}
-------------------------------------------------------------

The cytotoxic activities of rhus and safflower extracts, as well as their nanoparticles, were evaluated against known cancer cell lines, e.g., Caco-2, HEPG2, and T47D using the SRB assay ([Table 2](#foods-08-00139-t002){ref-type="table"}). The cytotoxicity values are measured at different concentrations (100, 250, and 500 μg mL^−1^) of extracts and their nanoparticles. The IC~50~ values expressed the 50% concentration of inhibitory concentration. The tested samples showed excellent to moderate activities with high percent inhibition and lower IC~50~ values. Increasing the concentration of the tested samples improves anticancer activity with a higher percentage inhibition. The data listed in [Table 2](#foods-08-00139-t002){ref-type="table"} revealed that safflower copper nanoparticles are the highest anticancer agent against all the tested cell lines. On the other hand, the safflower extract and its nanoparticles have higher activity than the results obtained with rhus extract. AgNPs, ZnNPs, CuNPs, and FeNPs nanoparticles of safflower showed good anticancer activity against the Caco-2 cell line. Also, CuNPs and FeNPs from rhus and safflower extracts and nanoparticles with Ag, Zn, Cu, and Fe metal ions showed good activity against HEPG2 and T47D cell lines. Also, the nanoparticles prepared from each rhus extract and safflower have higher activity than the tested extract due to nature, particle size and aggregation that led to the improvement of the results. The smaller particle size can reach the tested cells with a higher concentration.

4. Conclusions {#sec4-foods-08-00139}
==============

The extraction of rhus and safflower plants was used for the ecological preparation of nanoparticles with four metal ions: Zn^2+^, Cu^2+^, Ag^+^, and Fe^3+^. The evaluation of the antioxidants of the two extracts and their nanoparticles revealed that the safflower extract and its AgNPs had the highest trapping activity using the DPPH and ABTS^•+^ assays. The results of antioxidant activity using the DPPH assay revealed that all extracts have potent activities as antioxidants. Safflower and rhus extracts and their nanoparticles have been evaluated as antibacterial and antifungal agents. The results revealed that safflower extract and its AgNPs and CuNPs exhibited high potent activity against all the microorganisms tested due to the smaller particle size of the metal ions and the aggregation of the particles. The higher size of the zinc particles and metal iron ions reduces the antimicrobial activity of the extracts. Further evaluation of the extracts and their nanoparticles as anticancer agents has revealed that safflower extract and its AgNPs and CuNPs have potent activities against the Caco-2, HEPG2, and T47D cell lines. The higher the concentration of each extract, the more effective against different cell lines.
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![UV--Vis spectroscopic measurements of safflower and its prepared metal nanoparticles.](foods-08-00139-g001){#foods-08-00139-f001}

![UV--Vis spectroscopic measurements of rhus and its prepared metal nanoparticles.](foods-08-00139-g002){#foods-08-00139-f002}

![TEM micrographs characterization illustrating the size and morphology. AgNPs (**A**), CuNPs (**B**), FeNPs (**C**), and ZnNPs (**D**) obtained with rhus extracts and AgNPs (**E**), CuNPs (**F**), FeNPs (**G**), and ZnNPs (**H**) obtained with safflower extracts. Scale bar = 200 nm.](foods-08-00139-g003){#foods-08-00139-f003}

![(**A**) Total polyphenolics (mg GAE g^−1^) and (**B**) total flavonoids (mg QE g^−1^) of rhus and safflower extracts and their nanoparticles.](foods-08-00139-g004){#foods-08-00139-f004}

![Comparison between the antioxidant results. (**A**) DPPH and (**B**) ABTS^•+^ of plant extracts and their synthesized nanoparticles at 35 µg/ mL.](foods-08-00139-g005){#foods-08-00139-f005}

foods-08-00139-t001_Table 1

###### 

Antimicrobial activities of rhus and safflower extracts and their nanoparticles using agar disc diffusion technique at 35 µg mL^−1^ after 24 h.

  Samples             Inhibition Zone (IZ) of Bacterial Strains (mm)                                                                                
  ------------------- ------------------------------------------------ ------------------ ------------------ ------------------- ------------------ -------------------
  Rhus Extract        0.00 ± 0.00 ^b^\*\*                              12.80 ± 0.47 ^a^   7.00 ± 0.47 ^ab^   0.00 ± 0.00 ^b^     0.00 ± 0.00 ^b^    7.70 ± 0.47 ^ab^
  Rhus + AgNPs        10.70 ± 0.47 ^ab^                                8.40 ± 0.47 ^ab^   9.80 ± 0.47 ^ab^   9.50 ± 0.47 ^ab^    8.20 ± 0.47 ^ab^   11.40 ± 0.47 ^ab^
  Rhus + ZnNPs        7.60 ± 0.47 ^ab^                                 7.20 ± 0.47 ^ab^   0.00 ± 0.00 ^b^    7.30 ± 0.47 ^ab^    7.70 ± 0.47 ^ab^   0.00 ± 0.00 ^b^
  Rhus + CuNPs        8.70 ± 0.47 ^ab^                                 7.60 ± 0.47 ^ab^   7.50 ± 0.47 ^ab^   8.40 ± 0.47 ^ab^    0.00 ± 0.00 ^ab^   7.80 ± 0.47 ^ab^
  Rhus + FeNPs        8.50 ± 0.47 ^ab^                                 0.00 ± 0.00 ^b^    8.20 ± 0.47 ^ab^   7.60 ± 0.47 ^ab^    8.50 ± 0.47 ^ab^   8.00 ± 0.47 ^ab^
  Safflower Extract   9.40 ± 0.47 ^ab^                                 8.30 ± 0.47 ^ab^   7.50 ± 0.47 ^ab^   8.00 ± 0.47 ^ab^    8.20 ± 0.47 ^ab^   15.40 ± 0.47 ^a^
  Safflower + AgNPs   10.50 ± 0.47 ^ab^                                13.70 ± 0.47 ^a^   14.50 ± 0.47 ^a^   9.20 ± 0.47 ^ab^    14.30 ± 0.47 ^a^   9.20 ± 0.47 ^ab^
  Safflower + ZnNPs   8.50 ± 0.47 ^ab^                                 0.00 ± 0.00 ^b^    7.70 ± 0.47 ^ab^   7.50 ± 0.47 ^ab^    7.60 ± 0.47 ^ab^   7.30 ± 0.47 ^ab^
  Safflower + CuNPs   9.40 ± 0.47 ^ab^                                 12.50 ± 0.47 ^a^   13.00 ± 0.47 ^a^   11.40 ± 0.47 ^ab^   8.20 ± 0.47 ^ab^   9.40 ± 0.47 ^ab^
  Safflower + FeNPs   7.50 ± 0.47 ^ab^                                 12.60 ± 0.47 ^a^   0.00 ± 0.00 ^b^    0.00 ± 0.00 ^b^     16.80 ± 0.47 ^a^   9.50 ± 0.47 ^ab^

\* *Erwinia carotovora* (EC); *Proteus vulgaris* (PV); *Klebsiella pneumonia* (KP); *Bacillus subtilis* (BS); *Staphylococcus aureus* (SA); *Candida albicans* (CA). \*\* a,b statistical analysis as the mean comparison; Means with the same letter in a column are not significantly different at *p* ≤ 0.05.
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###### 

Anticancer activities of rhus and safflower extracts and their nanoparticles against Caco-2, HEPG2 and T47D cell lines.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Samples             Conc.\        Cancer Cell Inhibition %   IC~50~ (µg mL^−1^)                                                                   
                      (µg mL^−1^)                                                                                                                   
  ------------------- ------------- -------------------------- -------------------- ------------------- --------------------- --------------------- ---------------------
  Rhus Extract        100           6.28 ± 0.53 ^p^\*          10.34 ± 0.87 ^s^     17.71 ± 1.23 ^p^    1405.67 ± 17.14 ^a^   1093.46 ± 11.37 ^a^   1055.24 ± 12.27 ^a^

  Rhus Extract        250           12.24 ± 1.10 ^mn^          15.23 ± 0.74 ^r^     22.37 ± 0.92 ^o^                                                

  Rhus Extract        500           19.72 ± 1.37 ^l^           26.98 ± 1.13 ^o^     30.72 ± 1.45 ^m^                                                

  Rhus + AgNPs        100           7.97 ± 0.82 ^op^           23.77 ± 0.81 ^p^     24.22 ± 1.11 ^o^    1147.89 ± 13.75 ^b^   720.49 ± 9.89 ^b^     567.38 ± 9.14 ^e^

  Rhus + AgNPs        250           11.17 ± 0.98 ^n^           32.32 ± 1.91 ^m^     29.33 ± 1.87 ^mn^                                               

  Rhus + AgNPs        500           23.99 ± 1.47 ^k^           46.20 ± 2.50 ^i^     40.94 ± 2.12 ^l^                                                

  Rhus + ZnNPs        100           9.04 ± 0.70 ^o^            30.18 ± 1.35 ^n^     27.47 ± 1.76 ^n^    1005.16 ± 10.52 ^e^   676.17 ± 8.21 ^c^     538.07 ± 10.78 ^d^

  Rhus + ZnNPs        250           13.31 ± 0.96 ^mn^          36.59 ± 1.81 ^hl^    32.12 ± 1.30 ^m^                                                

  Rhus + ZnNPs        500           27.19 ± 1.10 ^j^           48.34 ± 1.57 ^h^     43.26 ± 2.04 ^l^                                                

  Rhus + CuNPs        100           18.65 ± 0.93 ^l^           66.49 ± 2.72 ^d^     47.44 ± 2.73 ^k^    721.91 ± 9.89 ^e^     169.52 ± 5.53 ^f^     3.58 ± 0.06 ^i^

  Rhus + CuNPs        250           25.06 ± 1.23 ^jk^          71.83 ± 3.14 ^c^     52.55 ± 2.81 ^j^                                                

  Rhus + CuNPs        500           38.94 ± 1.51 ^g^           91.06 ± 4.26 ^b^     66.94 ± 3.12 ^g^                                                

  Rhus + FeNPs        100           5.83 ± 0.27 ^p^            35.52 ± 1.41 ^l^     31.19 ± 2.02 ^m^    926.05 ± 11.31 ^d^    443.45 ± 9.25 ^d^     342.33 ± 9.43 ^h^

  Rhus + FeNPs        250           14.38 ± 0.81 ^m^           45.13 ± 1.84 ^ij^    40.94 ± 1.90 ^l^                                                

  Rhus + FeNPs        500           27.19 ± 1.09 ^j^           59.02 ± 2.08 ^e^     52.55 ± 2.71 ^j^                                                

  Safflower Extract   100           24.84 ± 1.19 ^jk^          14.38 ± 0.82 ^r^     44.34 ± 2.23 ^l^    615.77 ± 7.43 ^f^     202.29 ± 5.35 ^e^     707.75 ± 10.10 ^b^

  Safflower Extract   250           32.27 ± 1.32 ^i^           22.92 ± 1.07 ^p^     52.88 ± 1.84 ^j^                                                

  Safflower Extract   500           44.34 ± 1.56 ^e^           37.87 ± 0.91 ^k^     65.70 ± 3.16 ^g^                                                

  Safflower + AgNPs   100           37.84 ± 1.22 ^gh^          30.40 ± 1.12 ^n^     58.22 ± 2.40 ^i^    282.09 ± 8.51 ^h^     18.24 ± 0.80 ^h^      359.21 ± 9.71 ^g^

  Safflower + AgNPs   250           49.91 ± 1.74 ^d^           44.28 ± 1.64 ^j^     72.11 ± 3.21 ^f^                                                

  Safflower + AgNPs   500           62.45 ± 1.85 ^c^           59.23 ± 2.04 ^e^     85.99 ± 3.80 ^d^                                                

  Safflower + ZnNPs   100           41.09 ± 1.31 ^f^           33.60 ± 1.83 ^m^     62.49 ± 2.70 ^h^    261.52 ± 7.27 ^i^     7.18 ± 0.67 ^i^       386.49 ± 7.61 ^f^

  Safflower + ZnNPs   250           49.91 ± 1.87 ^d^           45.35 ± 2.32 ^ij^    71.04 ± 3.01 ^f^                                                

  Safflower + ZnNPs   500           62.45 ± 2.23 ^c^           54.96 ± 1.95 ^f^     90.26 ± 3.83 ^e^                                                

  Safflower + CuNPs   100           65.23 ± 1.92 ^b^           67.78 ± 2.27 ^d^     83.85 ± 2.94 ^d^    3.12 ± 0.81 ^j^       1.11 ± 0.04 ^j^       1.42 ± 0.07 ^j^

  Safflower + CuNPs   250           66.77 ± 2.34 ^b^           70.98 ± 2.70 ^c^     93.47 ± 3.52 ^b^                                                

  Safflower + CuNPs   500           89.33 ± 3.28 ^a^           97.68 ± 3.44 ^a^     98.94 ± 4.03 ^a^                                                

  Safflower + FeNPs   100           26.23 ± 1.27 ^jk^          19.72 ± 0.98 ^q^     48.61 ± 2.81 ^k^    498.32 ± 9.34 ^g^     99.61 ± 8.72 ^g^      487.45 ± 8.48 ^e^

  Safflower + FeNPs   250           35.98 ± 1.81 ^h^           32.53 ± 1.23 ^m^     62.49 ± 0.87 ^h^                                                

  Safflower + FeNPs   500           49.91 ± 2.09 ^d^           50.69 ± 1.80 ^g^     76.38 ± 0.82 ^e^                                                

  LSD (*p* \< 0.05)                 1.95                       1.40                 2.62                3.40                  1.51                  9.42
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* a-s The statistical analysis as the mean comparison; Means with the same letter in a column are not significantly different at *p* ≤ 0.05.
